PCT/NL •03/00 133 




Europaisches 
Patentamt 



European 
Patent Office 



Office europejen 
des brevets 




Bescheinigung Certificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem n§ch- 
sten Blatt bezeichneten 
europSischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, ds originally filed. 



Les documents flx^s a 
cette attestation sont 
conform es a la version 
initialement d^posee de 
la demande de brevet 
europten specifiee d la 
page suivante. 



Patentanmeldung Nr. Patent application IMo. Demande de brevet n* 

02075724.1 



Der President des EuropStschen Patentamts; 
im Auftrag 

For the President of the European Patent Office 

Le President de rOffice europden des brevets 
P.O. 



PRIORITY 

DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR(b) 



RCvan Dijk 



Best Available Copy 





Europalsches 
Patentamt 




Patent Office 



Office europden 
des brevets 



Anmeldung Nr: 

Application no.: 02075724.1 



Demande no: 



Anmeldetag: 
Date of filing: 
Date de d^pdt: 



22-02.02 



Anmel der/App1 1 can t( s )/Demandeur( s ) : 

DSM N-V- 

Het Over loon 1 

6411 TE Heerlen 

PAYS-BAS 



Bezel chnung der Erf Indung/Title of the Inventlon/Tltre de 1» invention: 
(Falls die Bezel chnung der Erflndung nicht angegeben ist, siehe Beschrei bung . 
If no title is shown please refer to the description. 
Si aucun titre n'est indiqu§ se referer a la description,) 

Process for preparing a high-molecular polyamide, polyester, copolyesters or 
polyester -amide block copolymer 

In Anspruch genorranene Prioriat(en) / Priority( ies) claimed /Priorities) 
revendiqu6e(s) 

Staat/Tag/Aktenzeichen/State/Date/File no./Pays/Date/Num6ro de d6p6t: 



Internationale Patentkl as si flkati on/International Patent Classification/ 
Classification Internationale des brevets: 

C08669/00 

Am Anmeldetag benannte Vertragstaaten/Contractlng states designated at date of 
filing/Etats contractants disigntes lors du dipdt: 

AT BE CH CY DE DK ES FX FR GB GR IE IT LI LU MC NL PT SE TR 



02075724. 1 
EPA/EPO/OEB Form 1014.2 - 01,2000 



7001014 



2 




UiU" 22.U2.2UU2 iiiib: 



PE20605 -1- 

PROCESS FOR PREPARING A HIGH-MOLECULAR PQLYAMtDE, 
PQLYE8TER.COPOLYESTERS OR POLYESTER-AMIDE BLOCK COPOLYMER 

5 

The Invention relates to a process for preparing a high* 
molecular po.lyamicie,.polyester or polyester-amide bloc^ copolymer by melt* 
mixing polyamide or a polyester or copoiyesters or a mixture of a polyamlde and a 
polyester having a lower molecular weight with a dilsocyanate. 

10 Such a process is for example known from DE 430663 A1 , in 

which a diisocyanate is used to increase the viscosity of polyamide-6. The 
dilsocyanate used In the examples of DE 430663 A1 are generally 
4|4'-dtphenylmethanedllsocyanate (MDI) or hexamethylenedlisocyanate(HMDl). 

Dilsocyanates however have the drawback of leading to 

16 undeslred side-reactions and discoloration of the polyamlde, polyester, 

copoiyesters or polyester-amide block copolymer. These side-reactions and 
discoloration effects of dilsocyanate are extensively descnlied by J.Kylmd, et aL 
in Polymer 42 (2001)3333-3343. by B. Guo et. al. in Journal of Applied Polymer 
Science, Vol. 71, 1827-1834 (1999) and by N. Torres et al. in Journal of Applied 

20 Polymer Science. Vol. 79, 1816-1824. (2001). 

The Invention's aim is hence to provide a process for preparing 
a hlgh-moIecuIar polyamlde, polyester, copoiyesters or polyester«amide block 
copolymer that does not Involve the above drawbacks. 

The inventors have now most surprisingly found that when tiie 

25 polyamide, the polyester, copoiyesters or mixtures thereof having the lower 

molecular mass reacts in the melt with a blocked diisocyanate having the formula 
of figure 1 , a colorless, stable linear polyamide or polyester or copoiyesters with 
increased molecular mass Is very quickly obtained. Phenylene bisoxazollne or 
oxazine gives an additional increase In the molecular weight when used next to 

30 the blocked isocyanate. The use is optional. 

'Blocked diisocyanate' is understood to be a compound having 
the formula as given in appendix 1: 

Blocked dilsocyanates are commercially available from Bayer, 
Dai IMippon Ink, Nippon Polyurethanes, Asahl, Takeda. Rhodia, Baxenden and 

35 Cieanova. 

The amount of blocked diisocyanate used in the process, 
according to the invention, may vary within a wide range. Usually at least about 
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0.1 wt.%, relative to the polyamide or the polyester or the copolyesters, will be 
required to obtain an appreciable effect. Amounts of more than 4 wt.% result only 
in higher costs. 

Usually a person skilled in the art will adjust the amount of 
5 blocked dlisocyanate to be used to the number of amino or hydroxyl end groups 
available and the increase in viscosity to be realized as a result of the increased 
molecular weight. He will usually determine the optimum amount for his situation 
through simple experimentation. 

In principle, the process of the invention can be used for all 

10 types of polyamides and polyesters. The polyamldea Include at least the aliphatic 
polyamides, for example polyamide-4, polyamide-6, polyamlde-8, polyamlde-4,6, 
polyamide<6,6, poiyamide-6,10, polyamides derived from an aliphatic diamine and 
an aromatic dioarisoxyiio add, for example polyamide-4,T, polyamide-6,T, 
PQlyamlde-4.1. in which T stands for tersphlhajate and 1 for isophthaiate. 

1 6 copolyamides of linear polyamides and copotyamides of an aliphatic and a 
partially aromatic polyamide, for example affi.T. 6/6.6/6,7. 

The polyesters Include at least polyesters derived from aliphatic 
dicarboxylic adds and diols. polyesters from allphaQc cfiols and aromatic 
dicarfeoxyllc odds, copolyesters that are partially aliphatic and partially aromatic 

20 and polyesters that contain units derived from cycloaliphatic dicarboxylic acids. 
Specific examfdes are poiybutyleen adipaat, polyethyleen terephtalate, 
polyethyleen naphtalate, polybutyleenterephtalate, copolyesters of 
polybutyleenadipate and polybutyleenterephtalate, the polyester-derived from 
butanediol and cyciohexane dicarboxylic acid. 

26 MIxutres of polyesters and polyamides are Induded In the 

Invention as well. 

The copolyesters include at least polyesters derived from 
aliphatic dicarboxylic adds and dlols, polyesters from aliphatic diols and aromatic 
dicarboxylic acids, copolyeslera that are partially anphatic and partially aromatic 

30 and polyesters that conUiin units derived from cydoaliphatio dlcari^oxylic adds. 
Spedfic examples are poiybutyleen adipaat, polyetiiyleen terephtalate, 

polyethyleen naphtalate, polybutyleenterephtalate, copolyesters of 

polybutyleenadipate and polylautyleenterephtalate, the polyester derived from 
butanediol and cyctohexane dicarbO)^ic add and polyethers as 

35 polyoxytetramelhylaie, polypropylene glycol, polyethylene glycol and 

copolyethers of ethylene oxide and propylene o)dde, Jeffmines, amino terminal 



-3- 

acrylonltril-butadlene copolymers. 

The process according to the invention can be carried out In a 
simple manner using the usual melt-mixing techniques and equipment, for 
example by dry blending the polyamide or polyester having a lower molecular 
5 weight and the blocked diisocyanate and optionally also other additives in a solid 
state, for example in a tumbler drier, after which the mixture obtained is melted in 
a usual melt-mlxing apparatus, for example a Haake kneader, a Brabender mi:»er 
or a single- or double-screw extruder. The different components can also be fed to 
the mixing apparatus separately. 

1 0 Best results are obtained if the lower molecular polyamide or 

polyester are thoroughly dried. 

The blocked diisocyanate can also be added to the melted 
poiyamlde or polyester product stream In the polymerisation process as it leaves 
the polymerisation reactor. The polymerisation process can be carried out both 

15 batchwise or in a continuous mode. In the first case a reduction of the residence 
time in the reactor can be realized and thus an increase in productivity; with the 
continuous process the after-condensation step, that Is necessary usually to 
obtain a polyamide or polyester of sufficient mctecuiar weight can be avoided. 

The invention will now be elucidated with reference to the 

20 following examples, without however being limited thereto. 

Materials used: 

a,1 . . polyamide-6 having a i\^q\ = 2.56 measured in formic acid and a 
concentration of end groups -COOH - 0.052 meq/g -NH2 = Q.052 meq/g. 

25 a.2, polyethylene twephtalate, PET, having a Hrei = 1 .44, measured in m- 
cresoi 

brl-. Caprolactam blocked diisocyanate of hexamethylene diisocyanate 



Process: 

30 Nylon-6 was grinded and dried over night at 100°C, In nitrogen 

under vacuum. The blocked diisocyanate was dissolved in chlorofonm and mixed 
with the polymer to achieve a homogeneous mixture. This mixture was dried at 
50^C in nitrogen over nightThe mixture was melted In DSM mldi extmder (15 g), 
at 240O C until a constant torque of the screw was obtained and the mixing was 

35 continued during 4 minutes. The torque was measured at different times. The 
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mixing was carried out under a nitrogen blanket to prevent the risk of the 
polyamide decompoeing as a result of oxidation. 

Table 1 shows the compositions Investigated and the resulte of 
the measurements. 

5 

Table 1. 



Measurement 


BianK 


Experiment 1 


Experiment 2 




BlanIc 


1 eq Blocked HDI* 


2 eq Blocked H5i* 


RPM 


80 


80 


80 


Mixing time 


40" 


45- 


45' 


Total residence 


4'40' 


4'45" 


4'45" 


time 








■nrel 


2,34 


2.93 


3.38 


Melt viscosity at <a 


550 


1500 


3500 


= 1 rad/e In Pa-s 









* One and two mol blocked Isocyanate groups per mol amine end group of nylon- 
6. 

10 The results of Experiments 2 and 3 show the surprisingly high 

activity of the blocked dilsocyante, as a result of which a stable high value of the 
melt viscosity (expressed as the mldl extruder moment of couple) was obtained 
after 2 minutes already, whereas this Is not the case when no use Is made of the 
blocked dilsocyante. Aorording to the-DSM measurements were the products 

15 strictly linear. 

Thanks to this short reaction time, which is of the same order as 
the residence time in a normal extrusion, a stable, increased melt viscosity can be 
realized in practice. 

The relative viscosity was, measured in a solution of 1 gram in 
20 1 00 ml of 90 wt.% formic acid. 

The melt viscosity was measured at 230 on a ARES DMS 

equipement. 

The molecular weight of the polyamide or polyester having the 
lower molecular weight may vary over a wide range and is mainly detenmlned by 
25 economical reasons and the source of the material. In general It may vary from 
about 1000 to about 20.000 exprsssed as number averaged molecular weight M^. 
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However sHuations are possiblQ in which a mixture containing a polyamide or 
polyester of high molecular weight for Instance 25.000 and an appreciable fraction 
oligomeric polyamide or polyester of molecular weight less than 1 000 is reacted in 
the melt with the CBC according to tije present Invention. 
5 The molecular weightofthe high molecuiarweight polyamide or 

polyester to be produced by the process of the invention can be freely chosen and 
generally is higher than 15.000, preferably higher than 20.000. even more 
preferably higher ttian 26.000. 

The polyamide or polyester obtained by the process of ttie 
10 invention can be processed by injection moulding, extrusion or blow moulding to 
obtain moulded articles, and by melt spinning to obtain fibres. 
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CLAIM8 

Process for preparing a high-molecular polyamlde, polyester, 
copolyeeters or polyester-amide block copolymer by melt-mixing a 
polyamlde, a polyeater, copoiyesiers of a mixture of both having a lower 
molecular mass with an dllsocya'nate, «iarecterlzed in that the 
dlisocyanate is a blocked dWsocyanate having the fomiula of figure 1. 
Process according to Claim 1 . characterized in that use is made of 0.05 
to 4 wt.% of the blocked dfisocyanate, relative to the polyamlde, the 
poiyester. the copolyester or the mixture of both. 
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ABSTRACT. . 

a 

The invention relates to a process for preparing a high- 
molecular polyamlde or polyester or copolyester by melt-mlxing polyamlde or 
S polyester or copolyester having a lower molecular weight with a blocked 
dilsocyanate having the fomnula erf figure .1 . 

With the process according to the invention a penmanent 
increase in the molecular weight of a polyamlde is obtained wlttiin 2 minutes, 
this tal^es at least 10 minutes under comparable conditions using a 
'1 0 bloclced isocyanate according to the state of the art. 



1/1 



Figure 1 



A H 

wherein Ri «^ linear, branched or cydo aliphatic CtCtd, 




10 and Ra. Ra. R4. Ra - Aliphatio CrCio. Chloro. Bromo. Huoro 

Bi, B2 " Caprolactam, Imidazole, dlmethyhpyrazole, Wazole. oxim. malonic aad 
ester, ethylacetylacetor phenol, cresol, aliphatic alcohol, secundary 
amine, hydroxy benzoic acid methyl ester 
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